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Abstract 

The world economy is increasingly shaped by cross-border production and investment activity. The 
paper uses complex network analysis along with panel data econometric techniques to study the 
structure and interactions between the networks of global value chains (GVC) and foreign direct 
investment (FDI). The analysis reveals that both FDI and GVC networks have a distinct core-periphery 
structure dominated by a relatively small number of countries with the USA constituting the global hub 
interlinked with regional European and Asian clusters, which, in turn, are centered around regional hub 
countries like China and Germany. Simultaneous equation model regressions using three-stage least 
squares suggest that FDI centrality facilitates GVC centrality of countries. However, FDI centrality is 
driven to a large extent by the FDI statutory restrictions and tax offshore regulations, rather than GVC 
connectivity. 
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1 Introduction

Participation in cross-border production sharing has fundamentally reshaped the organiza-

tion of global economic activity. In light of the importance of global value chains (GVCs) for

economic growth and development a growing body of empirical research has focused on inves-

tigating the participation of countries in GVCs and their sectoral specialization in production

networks, the drivers of GVCs and their implications for competitiveness and economic devel-

opment. The formation of GVC linkages has been studied empirically (see, for instance, in

Miroudot et al, 2013; Koopman et al, 2014; Timmer et al, 2013, 2014; UNCTAD, 2013; Wang

et al, 2017; World Bank et al., 2017), as well as conceptualized in a formal framework illustrat-

ing the transition mechanisms from trade in goods to trade in tasks (Grossman and Hansberg,

2008).

A vibrant body of research has focused specifically on the development and improvement

of GVC integration measures. In this regard, among the seminal contributions, Hummels et al.

(1998, 2001) proposed one of the earlier metrics conveying foreign value added in exports or

Vertical Specialisation (VS). Daudin et al. (2011) further expanded the framework, identifying

forward linkages (VS1), computed as a share of domestic value added in a countrys foreign ex-

ports. Jointly VS and VS1, therefore, pick up the total integration of a given country in GVCs.

These measures were further improved in Koopman et al. (2014), proposing a methodological

framework for a full decomposition of gross exports into value added components, including do-

mestic value added absorbed abroad, domestic value added returned home after initial exports,

foreign value added in exports, and pure double-counting terms. The methodology was further

improved in Wang et al. (2013) and Buelens and Tirpak (2017). Los and Timmer (2018) provide

a unified framework for measuring bilateral exports of value added and suggest a new measure

of value added used abroad in the final stage of production (see also Johnson and Noguera, 2012

and Los et al., 2016). Among the most recent contributions, Borin and Mancini (2019) further

enhance the GVC accounting methodology for bilateral trade flows at the sectoral level with an

alternative breakdown of gross exports into more detailed components.

The importance of GVCs for economic growth and development has naturally spurred in-

terest in the identification of the drivers of integration into production networks. Besides the

overall macroeconomic country characteristics, size of domestic market, economic development

level, industrialization level (Baldwin and Lopez Gonzalez, 2015; Hummels et al., 2001; John-

son and Noguera, 2012; Kowalski et al., 2015; Miroudot et al., 2013; OECD et al., 2014), the

empirical research finds that such structural characteristics as human capital development, in-

frastructure and institutions, liberal trade and investment policies foster development of GVCs

(Dollar and Kidder, 2017; OECD, 2013; UNCTAD, 2013; Taglioni and Winkler, 2014; Timmer

et al., 2014, 2015).

It is intuitive that foreign direct investment (FDI) is closely related to cross-border produc-

tion sharing, as formation of GVCs in many cases is coordinated by multinational corporations

(MNEs)1 The literature, largely focusing on trade in value added in a gravity model setup

1 One should note, however, that it is also not imperative, as fully domestic companies are also able to integrate
in value chains without being affiliated with MNEs in any way. Likewise, FDI is not always motivated by
efficiency seeking motives to form GVCs, e.g. tax opmitization motives, access to markets and other motives
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(Buelens and Tirpak, 2017; MartnezGalan and Fontoura, 2019) reports a generally positive

association between GVCs and FDI. Adarov and Stehrer (2021) also provide empirical evidence

on the heterogeneous impacts of FDI on GVCs, differentiating between backward and forward

linkages, as well as inward and outward FDI.

In this paper we further contribute to the literature by employing network analysis tech-

niques to study FDI and GVCs as networks. In contrast to the conventional methods described

above, the network approach views each country as a node connected to other nodes by linkages

(edges) representing in our case investment flows or value-added trade flows. Given the multi-

lateral nature of cross-border investment flows and distributed value-added flows, this appears

to be a natural complementary way to analyze FDI and GVCs. Yet, the literature that applies

the network perspective is still rather scarce, particularly, as far as the economic interpretation

and implications of the network structure and connectivity of these networks is concerned, as

opposed to merely documenting their technical properties. Among the studies that attempted

to construct global input-output networks and study their properties are Cerina et al. (2015),

Cingolani et al., (2017), Criscuolo and Timmis (2018), Lejour et al. (2014) and Zhu et al.,

(2018). The network perspective on FDI has been taken in Alfaro and Chen (2014), Metulini et

al. (2017), Wall et al. (2011) reviewing ownership linkages associated with MNEs. Damgaard

and Elkjaer (2017) construct a global FDI network removing the investment attributed to special

purpose entities (SPEs) and focusing on the ultimate investment relationships.

In this paper we further contribute to the literature by analyzing FDI and GVC networks

jointly and empirically identifying the synergies between them. To this end we construct FDI

and GVC networks as weighted directed networks and study their network properties, thereby

contributing to the more general literature on the measurement of GVC participation and FDI

integration, but taking a multilateral network perspective. In contrast to the conventional

measures that focus strictly on the value added or investment linkages directly stemming from

the country under consideration, this allows to take into account second-order effects, i.e. the

connectivity of trading and investment partners, as well as better understand the structural

characteristics of the entire GVC and FDI networks, e.g. the clusters and hubs. As part of this

effort, we compute the measure of PageRank centrality that accounts for directed and weighted

nature of value-added trade and investment linkages, as well as accounts for the second-order

connectivity effects. Finally, given the likely two-way causality, we quantify the interactions

between FDI and GVC connectivity in a system of simultaneous equations using three-stage

least squares (3SLS), allowing for endogenous covariates.

We find that both GVC and FDI networks have a clear core-periphery structure with a

relatively small number of highly influential countries comprising the strongly interconnected

core. More specifically, the analysis decomonstrates that the USA is a highly central (i.e. highly

connected and positioned in-between many other interconnected economies) economy in terms

of both cross-border production sharing and investment linkages, effectively constituting the

global hub in both the GVC and the FDI networks, while China and Germany serve as the

regional Asian and European GVC-FDI hubs.2 The Asian region is dominated by China, Japan

are also important factors of FDI confirmed empirically.
2 As regards FDI, this holds if one omits the high connectivity of tax haven countries and rather focuses on

GVC-relevant FDI.
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and South Korea in terms of GVC connectivity. However, in contrast comparable European and

North American hubs, they rely relatively less on FDI connectivity. The global hub status of the

USA is facilitated not only by its own cross-border production and investment linkages, but also

second-order connectivity through its linkages to these regional clusters. The FDI network is

strongly influenced by FDI-in-transit, and the network centrality of countries in the global FDI

network appears to be instrumental for identifying the conduits of such “phantom” FDI (see

also Blanchard and Acalin, 2016, Damgaard et al., 2019 and Hines, 2010 for the discussion of

this phenomenon). More specifically, the FDI network is dominated by the exceptionally strong

linkages between the USA, Luxembourg and Ireland. Aside from these linkages apparently

associated with tax optimization by MNEs, the core of the FDI network is formed by largely

the same countries as that of the GVC network.

The simultanous equation model 3SLS estimation results suggest that higher centrality of

a country in the FDI network is highly conducive to its connectivity in the GVC network.

However, the opposite does not hold, as the impact of GVC connectivity on the centrality of

a country in the FDI network is only weakly statistically significant and negative, controlling

for other factors. Instead, the factors that strongly manifest themselves as drivers of FDI cen-

trality are largely associated with the investment-related regulatory environment: as expected,

tighter statutory restrictions on FDI flows have a highly negative impact, while tax offshore

arrangements, on the contrary, boost FDI centrality, albeit the latter is apparently attributed

to phantom FDI. Economic size, import tariffs and higher productivity are also positively as-

sociated with GVC centrality, while natural resource dependence has a negative effect.

The rest of the paper is structured as follows. Section 2 reviews the data and sample.

Section 3 reviews the main features of the FDI and the GVC networks. Section 4 reports the

results of the econometric analysis focusing on the relationship between connectivity in both

networks. Section 5 concludes.

2 Data and sample

The global sample of countries that is used for the construction of GVC and FDI networks

includes 60 countries over the period 2005-2015, and is determined entirely by data availability.3

The GVC data are obtained from the OECD inter-country input-output (OECD ICIO) database

associated with the OECD trade in value added database (TIVA). The FDI data are sourced

from the OECD and UNCTAD databases. The details as to the construction of the GVC and

FDI networks are documented in Section 3, followed by the discussion of their main features

and the computation of network centrality measures used in the regression analysis in Section

4. While the FDI and GVC network data are time-varying bilateral (origin country–destination

country observation per year), the computed centrality measures convey the connectivity of

a country in the network in a given year and thus have country and year dimensions, i.e. a

common panel data structure.

These computed centrality metrics are complemented by a range of variables obtained from

public sources and used as additional explanatory variables in the econometric analysis in Sec-

3 The availability of the data for FDI and GVC differs, and FDI data has a better coverage in terms of both
country and time dimensions.
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Table 1: Sample of countries

ISO3 Country name ISO3 Country name ISO3 Country name

ARG Argentina GRC Greece NLD Netherlands
AUS Australia HKG Hong Kong NOR Norway
AUT Austria HRV Croatia NZL New Zealand
BEL Belgium HUN Hungary PER Peru
BGR Bulgaria IDN Indonesia PHL Philippines
BRA Brazil IND India POL Poland
CAN Canada IRL Ireland PRT Portugal
CHE Switzerland ISL Iceland RUS Russia
CHL Chile ISR Israel SAU Saudi Arabia
CHN China ITA Italy SGP Singapore
COL Colombia JPN Japan SVK Slovakia
CRI Costa Rica KAZ Kazakhstan SVN Slovenia
CYP Cyprus KHM Cambodia SWE Sweden
CZE Czech Republic KOR Korea, Rep. THA Thailand
DEU Germany LTU Lithuania TUN Tunisia
DNK Denmark LUX Luxembourg TUR Turkey
ESP Spain LVA Latvia TWN Taiwan
EST Estonia MAR Morocco USA United States
FIN Finland MEX Mexico VNM Vietnam
FRA France MLT Malta ZAF South Africa
GBR United Kingdom MYS Malaysia

Table 2: Descriptive statistics

obs. mean std. dev. min max

GVC PageRank centrality, log 556 -4.55 0.89 -5.92 -2.13
FDI PageRank centrality, log 556 -4.85 1.08 -6.90 -1.62
Real GDP, log 548 26.40 1.62 22.79 30.45
Log (1 + Average import tariff rate/100) 534 0.07 0.03 0.00 0.24
Log (1 + Effective average corporate tax rate/100) 454 0.21 0.05 0.08 0.31
FDI Regulatory Restrictiveness index 285 0.08 0.09 0.00 0.45
Natural resource rents, share of GDP 548 0.03 0.07 0.00 0.55
REER, log difference 446 0.00 0.05 -0.25 0.19
Political Stability and Absence of Violence index 556 0.46 0.79 -2.06 1.60
Real labor productivity, log 548 10.68 0.98 7.04 12.06
Total factor productivity growth 538 0.13 2.85 -18.64 16.64
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tion 4. In particular, the data for effective average corporate tax rates are obtained from

the Oxford University Centre for Business Taxation (CBT) database and the ZEW Taxation

Knowledge Database4. Real GDP (PPP-adjusted constant 2011 international dollars), average

most-favored nation (MFN) import tariff rate, real effective exchange rate (REER) and total

natural resources rents (% of GDP) data are sourced from the World Bank’s World Development

Indicators. Real labor productivity (real GDP per employment) and total factor productivity

growth data are from the World Bank’s Aggregate Productivity database. Institutional develop-

ment indicators—Political Stability and Absence of Violence, Control of Corruption, Regulatory

Quality and Government Effectiveness indices are sourced from the World Bank’s Worldwide

Governance Indicators. These are continuous indices that are comparable both across countries

and over time, with higher values indicating better institutional development outcomes, and

therefore are particularly well-suited for econometric analysis. The FDI Regulatory Restric-

tiveness index is sourced from the OECD FDI Regulatory Restrictiveness database. The index

measures statutory restrictions on FDI across multiple sectors and focuses on four main dimen-

sions, including foreign equity limitations, discriminatory screening or approval mechanisms,

restrictions on the employment of foreigners and other operational restrictions. By construc-

tion, the aggregate index is the average of the scores across multiple sectors and dimensions

and varies from 0 (open economy) to 1 (closed economy).

The descriptive statistics are reported in Table 2. The number of observations per each

variable differs significantly across countries and years, and therefore the effective sample size

for the baseline specification involving all variables in a two-equation model also reduces to 218

observations, largely owing to the limited data coverage in the FDI Regulatory Restrictiveness

database.

3 GVC and FDI networks and their key properties

Complex network analysis is a natural way to analyze economic systems in which individual

entities—in our case, countries—can be viewed as nodes (also known as vertices) interacting via

linkages (edges) representing bilateral economic relationships, and the topology of the network,

and possibly economic properties of nodes and linkages have implications for the network and

the connectivity of its elements. In the context of this paper, countries constitute nodes linked

by cross-border trade (in intermediates) and FDI flows. Apparently, for both GVC and FDI

networks the weight of each linkage (FDI or trade value) and its direction matter, and therefore

we construct directed and weighted networks, while each country-node is also characterized by

inherent properties, e.g. real GDP, institutional quality and other characteristics.

Figure 1 shows a stylized representation of a weighted directed network for a better under-

standing of the key concept concepts and metrics, as well as the difference from the conventional

approach that does not take into account multilateral connectivity. The figure shows nodes de-

noted by letters A–H connected by weighted directed linkages (the weights are indicated by

numbers). As can be seen, the nodes differ significantly in terms of their relative connectivity

to other nodes and their overall importance to the system, e.g. nodes H and G have only one

4 The database uses the effective tax rates computed using the Devereux / Griffith methodology.
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inflow linkage each, while nodes D and E are highly interconnected with five linkages each. In

the language of the network theory, nodes H and G have a total degree (or degree centrality)

of 1, while nodes D and E have the degree of 5. Distinguishing the direction of the linkage, the

in-degree count of node D—the number of incoming linkages—is 3, and its out-degree is 2. It is

common to scale the degree measure by the total number of possible linkages that can be formed

by a given node (in the given network each node can form a maximum of 7 linkages). Table

3 reports the basic centrality measures, including scaled degree. Another important metric,

weighted degree, summarizes the total value of linkages incoming (weighted in-degree) to the

node and outgoing (weighted out-degree) from the given node.

Figure 1: Stylized weighted directed network

Note: The figure shows a stylized weighted directed network with nodes indicated by letters A–H and numbers
indicating the weight of a directed link. Source: Own elaboration.
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1 1
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Table 3: Selected centrality measures for the stylized network

Node PageRank Degree In-degree Out-degree Weighted degree Weighted in-degree Weighted out-degree

A 0.12 0.57 0.14 0.43 17 6 11
B 0.10 0.29 0.14 0.14 13 7 6
C 0.13 0.43 0.14 0.29 10 3 7
D 0.22 0.71 0.43 0.29 13 7 6
E 0.14 0.71 0.29 0.43 7 4 3
F 0.15 0.43 0.29 0.14 8 6 2
G 0.07 0.14 0.14 0.00 1 1 0
H 0.07 0.14 0.14 0.00 1 1 0

To illustrate the difference between a conventional approach and a network perspective,

it is useful to compare nodes B and D. Both have the same weighted degree of 13 and also

the weighted in-degree and the weighted out-degree are the same—7 and 6, respectively (the

weighed degree in this regard is analogous to the total value of flows, e.g. gross trade value or

total FDI inflow, scaled or unscaled by GDP). However, clearly, node D is much more important

to the network as it bridges 4 other nodes, as opposed to node B, which is only linked to node

A. The importance of node D is even higher if one takes into account that it is linked to another

highly connected node E. In turn, both nodes D and E, have the same number of linkages (five),

although their direction and weight differ significantly.

Certain network-based measures of connectivity can take into account such second-order

connectivity effects due to the adjacent nodes (“neighbors”), along with the weight and the

direction of the nodes’ own linkages, to arrive at a proper measure of a node’s “centrality” in

the network. In the spectrum of different centrality measures that have been devised to date,
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however, only a few are able to incorporate the notions of direction and weight of linkages. In

this paper, among other measures, we therefore use PageRank centrality, originally developed

in Brin and Page (1998) and Page et al. (1999), which allows to summarize the centrality of a

node in the network taking into account the weight and the direction of linkages, as opposed to

simple eigenvector centrality measures.5 Furthermore, unlike alternative measures of centrality,

e.g. Katz centrality, PageRank centrality can be computed for weighted directed networks that

include cycles, i.e. paths that start and end at the same node, as opposed to acyclic networks (in

the context of GVC relationships, double counting of value added, i.e. cycles in the value-added

linkages, is a known issue). In brief, PageRank centrality is an eigenvector-based algorithm that

measures the fraction of time spent visiting a given node in a random walk summarized over

all linkages in the network. In other words, PageRank can be viewed as the probability that a

shock originating in a randomly chosen node anywhere in the network and traveling through it

from one node to another via the linkages will arrive at a given node (averaged over all possible

shock source nodes in the network). A weighted directed network assumes directed linkages

via which the shock travels and a proportionally higher probability of chooses the linkage with

a higher weight in the cases when several outgoing linkages extend from the currently visited

node. Thus, by construction PageRank centrality varies in the 0–1 range with greater values

reflecting higher probability of being visited by a shock, i.e. greater multilateral connectivity.

Originally, PageRank was used to quantify the relative importance of web pages in the

Internet (hyperlinked network), but has gained popularity in other disciplines given its desired

properties that allow to account for more complex network relationships. As can be seen in

Table 3, PageRank indeed identifies node D as the most “central” node in the stylized network,

unlike simpler measures.

Therefore, we proceed by constructing the GVC and FDI networks for each year in the

sample and computing PageRank and other centrality measures for all countries. The construc-

tion of the GVC network from the inter-country input-output yearly tables is straightforward

as essentially the inter-country value-added trade partition of a typical ICIO database (OECD

ICIO or WIOD) is de facto an adjacency matrix at the country-sector level, fully symmetric

and consistent internally (the same structure of the database is followed for all years). The

stylized representation of the structure of a typical inter-country input-output table for a given

year is shown in Figure 2 for a world economy comprising J countries and S sectors. Each cell in

the table represents the value of output flows from countries and their sectors indicated in the

leftmost column to countries and sectors importing the intermediate inputs as indicated in the

top rows (there is also the partition with the final use, however, in the analysis we are interested

only in the GVC relationships, i.e. the supply and use of intermediate inputs). As our analysis

focuses on aggregate country-level relationships, the data in the intermediate supply-use tables

are aggregated by each country across its S sectors, amounting to the adjacency matrix of size

J × J.

Based on these data we construct the GVC network for each year in the sample period

(2005–2015). Figure 3 shows the complete GVC network for the year 2015, listing the countries

5 Python NetworkX package was used to process the networks and compute weighted directed PageRank central-
ity.
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Figure 2: The structure of an inter-country input-output database

Note: The figure shows a stylized inter-country input-ouput database for J countries and S sectors. Source: own
elaboration.

in a circular layout in the alphabetic order by ISO3 code.6 The size of each country-node

is proportional to its weighted degree—the total sum of a country’s incoming and outgoing

intermediate trade flow values. The thickness and the color intensity of linkages are proportional

to their weight (trade value).

Overall, the GVC network has a clear core-periphery structure with a relatively small of

number of countries forming a highly interlinked cluster, while most countries are also connected,

but much more sparsely and via linkages with smaller trade values. As one can see, the top

countries by the total value of GVC linkages are China (2.5 trillion USD), USA (2.36 trillion

USD) and Germany (1.85 trillion USD), followed by Japan, South Korea, France and the UK.

The strongest linkages extend between China and the USA (exports from CHN to USA amount

to 260 billion USD and from USA to CHN – 134 billion USD) and between Canada to the USA

(exports from CAN to USA are 199 billion USD; exports from USA to CAN are 134 billion USD).

Jointly with the exports from South Korea to China (157 billion USD), they constitute the top

5 most sizable value-added trade linkages in the GVC network in 2015 (in general, the GVC

linkages are rather stable over time, especially in terms of relative connectivity of countries).

Other high-intensity linkages are between the USA, Germany, Mexico, Japan, South Korea,

UK, France, albeit their values are smaller.

The core-periphery structure is more clearly visible when focusing only on the strongest

linkages and nodes in the network—depicted in Figure 4 with the “ForceAtlas” layout algorithm

that tends to position more tightly interconnected countries in proximity to each other. Within

the general core-periphery structure of the GVC network one may also notice an implicit regional

hierarchy with the USA serving as the global hub interlinked with regional European and

Asian clusters (as well as dominating the American value-added trade), which, in turn, are

centered around regional hub countries, most prominently, China and Germany. The backbone

of the regional cluster centered around China is formed also by Japan and South Korea, jointly

interlinking most other Asian economies. In Europe, the particularly strong regional cluster is

centered around the well-documented German-Central European “manufacturing core”.

Next, in a similar fashion we construct the inter-country FDI networks for each year in

the sample period. To this end we use net FDI inflow data on immediate investor basis and

6 The rest-of-the-world aggregate is not shown in the figures, but is nevertheless used in the computation of
centrality measures.
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Figure 3: GVC network, 2015

Note: The figure shows the GVC network for the year 2015. The size of each node is proportional to its weighted
degree (the total value of value-added exports and imports). The thickness and the color intensity of linkages
are proportional to their weight. The countries are listed clockwise by ISO3. Only linkages with the value added
above 500 mn USD are shown for clarity. Source: own calculations based on the OECD ICIO data.
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Figure 4: GVC network–core, 2015

Note: The figure shows the subset of the GVC network with the largest nodes and linkages. The size of each
node is proportional to its weighted degree (the total value of value-added exports and imports). The thickness
and the color intensity of linkages are proportional to their weight. Only countries with the weighted degree
above 100 billion USD and the linkages with the weight above 5 billion USD are shown for clarity. Source: own
calculations based on the OECD ICIO data.
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including special purpose entities, as we are interested in the analysis of FDI relationships in

general, inter alia, including its features associated with FDI in-transit and the role of tax
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havens in shaping global investment flows.7

Figure 5 shows the global FDI network for the year 2015. As the number of countries

available for the FDI network is higher in comparison with the GVC network discussed above,

we use the “Radial Axis” layout grouping countries by their degree (the number of linkages) and

showing only stronger linkages for clarity—FDI flow values above 100 million USD. Similarly to

the GVC network, for illustrative purposes the size of each node is proportional to its weighted

degree, and the thickness and the color intensity of linkages are proportional to their weight. In

addition, the core of the FDI network is rendered in Figure 6 using the “ForceAtlas” algorithm.

As can be inferred from both graphs, the connectivity of countries in the global FDI network

is also highly asymmetric. While Italy and Turkey have a high number of linkages, the USA

is nevertheless strongly dominant in terms of the number of linkages (degree centrality) and

their intensity, thereby amounting to a very high total value of incoming and outgoing FDI

linkages, i.e. its weighted degree, which secures its most central position in the FDI network

as measured by multilateral connectivity measures, e.g. PageRank centrality. Especially strong

FDI flows are associated with tax offshore jurisdictions, e.g. Luxembourg, the UK, Ireland.

In particular, the highest investment flow value in 2015 is registered for FDI from Ireland to

Luxembourg (about 219 billion USD), closely followed by investment flows between the USA

and Luxembourg (197 billion USD from USA to LUX and 173 billion USD from LUX to USA).

Notably, when not considering the countries central in the FDI network on account of their tax

optimization regulations, e.g. Luxembourg and Ireland, the core of the FDI network is formed

largely by the same countries as that of the GVC network, although the role of Asian economies

in the case of the FDI network, while still important, is relatively smaller in comparison with

other the USA and the hub countries of Europe.

As noted above, the main metric that we use in the econometric analysis is PageRank

centrality, which is capable of summarizing the connectivity of nodes-countries in weighted

directed networks with cyclical loops taking into account the connectivity of neighboring nodes.8

Figure 7 juxtaposes GVC PageRank against FDI PageRank centrality measures for the panel

data, as well as for the average over the period 2005–2015 with country labels. For clarity both

variables are plotted on a log-log scale and isolated country-nodes (those with zero and near-zero

centrality values) are not included—however, it should be noted that log-transformation visually

reduces the de facto wide gap in connectivity between highly central countries, e.g. the USA,

Germany, China and Luxembourg, and the periphery. Overall, as can be seen, there is a strong

positive correlation between the connectivity of countries in both networks. The countries that

are most integrated in both GVC and FDI networks are the USA, Germany, France, Italy and

the UK. Notably, Asian systemically important economies—China, Japan and South Korea—

while being highly central in the GVC network, as noted before, have a high, but relatively lower

7 For research questions focusing explicitly on the role of ownership structure it is advised to focus on FDI by
ultimate investing country, and for the analysis emphasizing the real economic impacts of FDI—on FDI data
net of special purpose entities and controlling for tax offshore countries, see also Adarov and Stehrer (2021).

8 The computation of both FDI and GVC centrality measures is based on the internally consistent sets of countries
for each network—balanced panel data—which makes the computed metrics comparable across time, although
the sets of countries covered in the OECD ICIO and the combined UNCTAD/OECD FDI databases differs
(the FDI dataset covers more countries, while in the ICIO dataset a range of countries are aggregated into the
rest-of-the-world group, which is also taken into account in the computation of centrality measures).
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connectivity in the FDI network relative to peers, in this respect deviating from the general

trend association between FDI and GVC centrality, implied by the fitted linear regression line.

The figure also illustrates the extent to which the relationship is biased by the phantom FDI

associated with tax offshore jurisdictions: while FDI PageRank centrality of these countries is

very high, in fact, among the highest in the sample, their GVC PageRank centrality is much

lower relative to the expected level.

Summarizing the diagnostics across both FDI and GVC networks, the US is highly central

in terms of both cross-border production sharing and investment, being the global hub in the

joint GVC-FDI network, while Germany and, to a lesser extent, Italy, France and the UK,

constitute the regional European GVC-FDI hub. The Asian region is dominated by China,

Japan and South Korea in terms of GVC connectivity. However, in contrast to European and

North American hubs, they rely much less on FDI connectivity. The global hub status of the

USA is facilitated not only by its own cross-border production and investment linkages, but

also by its strong connectivity to the regional hubs and clusters, i.e. via second-order effects.

Figure 5: FDI network, 2015

Note: The figure shows the FDI network for the year 2015. The size of each node is proportional to its weighted
degree (the total value of a country’s FDI inflows and outflows). The thickness and the color intensity of the
linkages are proportional to their weight (value of FDI flow). Only linkages above 100 million USD are shown.
Countries are ordered clockwise by their degree (number of linkages) with the highest degree in clock position
3 (ITA)—the set GRL–VUT has the lowest degree value. Source: own calculations based on the based on the
OECD and UNCTAD data.
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Another important feature of FDI and GVC centrality measures is the relative stability of

a country’s position in both networks over the sample period. Figure 8 shows the evolution of

selected highly interconnected countries in the GVC–FDI centrality space over the period 2005-

2015. As one can see, while countries drift gradually over time (mostly in the FDI centrality

dimension rather than in terms of their GVC centrality), their position relative to other countries

in the sample remains nevertheless rather stable over the entire period. This poses additional

technical challenges for econometric analysis discussed next, as in this case the identification
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Figure 6: FDI network–core, 2015

Note: The figure shows the subset of the FDI network with the largest nodes and linkages. The size of each node
is proportional to its weighted degree (the total value of FDI inflows and outflows). The thickness and the color
intensity of the linkages are proportional to their weight (value of FDI flow). Only linkages above 100 million
USD and only the nodes with the weighted degree above 10 billion USD are shown. Source: own calculations
based on the OECD and UNCTAD data.

USA

LUX

IRL

GBR

CAN

NLD

JPN

CHE
FRA

DEU

BEL

SGP

ITA

MEX AUS

RUS

CYM

CHN

BRA

KOR

SWE

HUN

ESP

POL

AUT
NOR

PRT

DNK

CHL

TUR

of the mutual impacts and drivers of connectivity has to rely on between-panel (rather than

within-panel) variation, and the use of country fixed effects (or within-transformation) would

lead to a loss of essential relevant information.

Figure 7: Scatterplot of GVC vs FDI PageRank centrality

Note: The figure shows the scatterplot of FDI and GVC PageRank centrality (in logs) for the 2005–2015 average
(left panel) and all observations in the sample period (right panel). Tax haven countries are marked in red.
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Figure 8: Evolution of selected countries in the GVC–FDI centrality space

Note: The figure shows the evolution of selected countries in the space spanned by FDI and GVC PageRank
centrality measures over the period 2005–2015. Each connected marker denotes a year for a given country with
the first and the last year of observation labeled.
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4 Econometric analysis

This section examines the relationship between the connectivity in the GVC and FDI net-

works more formally, using econometric techniques that allow to control for other relevant

factors that may impact a country’s integration in both networks. As causality between FDI

and GVC is likely to be reciprical, we estimate the equations explaining FDI network centrality

and GVC network centrality jointly in a simultaneous equation model formulated as follows: FDIc,t = α×GV Cc,t + ΨN × YFDI
c,t + ΨX × XFDI

c,t + τFDI
t + εFDI

c,t

GV Cc,t = β × FDIc,t + ΘN × YGV C
c,t + ΘX × XGV C

c,t + τGV C
t + εGV C

c,t

where FDIc,t and GV Cc,t are FDI and GVC connectivity measures (PageRank centrality of

country c in year t), respectively, in logs;9 α and β are the coefficients that capture the mutual

impacts between the GVC and the FDI connectivity variables. YFDI
c,t and YGV C

c,t are the vectors

of endogenous explanatory variables with the associated coefficient vectors ΨN and ΘN. In the

baseline analysis, real GDP (log) is included as the endogenous variable in both equations of

the system.10 The larger size of an economy is expected to be conducive to FDI inflows (vertical

and horizontal), as well as lead to a greater variety and value of economic activities contributing

to cross-border production sharing.

9 The logarithmic transformation helps reshape these data towards the normal distribution (otherwise, as noted,
the statistical distributions of both measures are highly skewed). This also allows to interpret the estimates as
(semi-) elasticities.

10 In other specifications for robustness we also check real GDP per capita, which however results in inferior
diagnostic test results, as well as poses collinearity issues with some regressors of interest, e.g. institutional
quality or productivity.
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The vectors of exogenous variables for the GVC and FDI equations include other variables

that are deemed to be relevant in the literature. In this respect, one should note that the

centrality measures employed in the model have not been hitherto used as dependent variables

in the literature; however, it is plausible that they may be driven by similar structural and

policy variables as more conventional measures of GVC participation or inward FDI as a share

of GDP. Therefore, the choice of control variables is motivated by the empirical studies on the

drivers of GVC and FDI. While some variables, being relevant to FDI and GVC alike, enter

both equations, others are equation-specific and reflect the drivers specific to FDI or GVC

centrality, which also addresses the exclusion restrictions requirements of the 3SLS estimation

framework (the models are validated via diagnostic checks and instrument validity tests, e.g.

Hansen-Sargan test).

More specifically, the vector of exogenous variables for the GVC centrality equation—

XGV C
c,t —includes average MFN import tariff rate entering the model as log(1+import tariff

rate/100), natural resource rents as a share of GDP, real effective exchange rate (log-difference)

and Political Stability and Absence of Violence index, which is used as a measure of institutional

development (for robustness, other World Bank’s Worldwide Governance Indicators indices, e.g.

Control of Corruption and Government Effectiveness, were also used in alternative specifica-

tions; however, the institutional development indices are generally highly correlated, while the

Political Stability index yields better results in terms of the model fit and the stability esti-

mated coefficients across specifications). In additional specifications the model is augmented

by real labor productivity level and TFP growth rate. To avoid collinearity issues this is done

sequentially and excluding the institutional development variable.

The vector of exogenous variables for the FDI centrality equation, XFDI
c,t , includes effective

average corporate tax rate that enters the model as log(1+tax rate/100), FDI Regulatory Re-

strictiveness index, Political Stability and Absence of Violence index and the Tax haven dummy

variable, which takes the value of unity if the country is a classified as a tax haven country in

Hines (2010). In this regard, the specification, besides efficiency-seeking and market access

motives of FDI, accounts for MNEs’ incentives to take advantage of a low-tax environment and

a high level of investor confidentiality11, as well as regulatory obstacles to free flow of capital.

Similarly to the GVC equation, in additional specifications we also control for real labor pro-

ductivity and TFP growth. Both model equations include year fixed effects τGV C
t and τFDI

t to

account for correlated common shocks, e.g. the effects of the global economic crisis. εFDI
c,t and

εGV C
c,t are the error terms of the FDI and the GVC equation, respectively.

As discussed in the previous section, the dynamics of both GVC and FDI centrality mea-

sures are rather stable over time and the heterogeneity mainly comes from the between-panel

variation. Moreover, many other covariates of interest, e.g. FDI Regulatory Restrictiveness and

institutional variables, do not vary much over time for a given country. Therefore, the intro-

duction of country fixed effects that would absorb the meaningful (between-panel) variation in

the data is problematic and is avoided in the baseline specification, and in this respect when

interpreting the estimation results one should recognize the possible caveats associated with the

11 See also the discussion on tax optimization and profit-shifting motives by MNEs related to the phantom FDI
phenomenon in Blanchard and Acalin (2016) and Damgaard et al. (2019).
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unobserved country heterogeneity (the estimation results that employ country fixed effects are

however also reported for comparison).

The model is estimated via 3SLS (Zellner and Theil, 1962)—three-stage least squares method

to solve simultaneous equation models.12 In the first stage, the estimator obtains 2SLS esti-

mates of each equation (instrumented values are estimated for all endogenous variables, re-

gressing them on all exogenous variables in the system, as in the first step of a typical 2SLS

estimator). In the second stage, the 2SLS estimates of the first stage are used to determine

cross-equation correlations and obtain a consistent estimate for the covariance matrix of the

equation disturbances. In the third stage, generalized least squares technique is used to esti-

mate the model parameters using the covariance matrix obtained in the second stage and the

instrumented values for the endogenous variables.

The 3SLS framework is preferred for the estimation of our two-equation jointly determined

model as it uses an instrumental-variable approach to arrive at consistent estimates and ac-

counts for the correlation in the error terms across the system via generalized least squares,

while allowing for additional exogenous and endogenous variables in the system. As the 3SLS

estimator takes into account the information from both equations in the simultaneous equation

model, it is thus not only consistent, but also asymptotically more efficient than 2SLS, which is

agnostic about the contemporaneous covariance structure between the error terms in the model

equations.

Table 4 reports the estimation results listing the baseline model (Column 1) and additional

specifications estimated for robustness. The top partition of the table shows the results for the

GVC PageRank centrality equation and the bottom partition—for the FDI PageRank centrality

equation. Overall, the model shows a rather good fit for both equations. The validity of the in-

struments is confirmed using the Hansen-Sargan overidentification test (the statistic is reported

for each specification along with the associated p-value)13—only models 4 and 6 fail to satisfy

the criteria, however, these specifications are only listed as a sensitivity check. More specifically,

models 2 and 3 are augmented by real labor productivity level and TFP growth, instead of the

institutional development variable used in the baseline specification. In model 4, real GDP

is implemented as an exogenous variable, in contrast to the baseline and other specifications,

where it is treated as an endogenous variable (and is therefore instrumented along with other

endogenous variables in the 3SLS framework). Specification 5 adds country fixed effects to both

equations, in addition to year fixed effects that are used in all models. In specification 6, GVC

and FDI weighted degree centrality variables, rather than PageRank centrality variables, are

used as the measure of countries’ connectivity, as an additional sensitivity check.

Focusing first on the GVC centrality equation of the system, the results suggest that, no-

tably, FDI PageRank centrality is highly conducive to GVC centrality—the estimates are highly

statistically significant and the magnitude of the estimated coefficient suggests that a 1-percent

increase in the FDI network centrality is associated with about 0.17-percent increase in the

GVC network centrality. The estimates are also robust across specifications. The only excep-

tion is the specification with country fixed effects (column 5); however, as mentioned above,

12 To this end we use Stata’s reg3 command.
13 The overid package developed for Stata by Baum et al., 2020 is used for this test.
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this specification is problematic as the dependent variables and several explanatory variables of

interest do not vary much over time for any given country and thus country fixed effects absorb

variation in the data rendering all estimates insignificant.

Table 4: Simultaneous equations model 3SLS estimation results

Note: The table shows simultaneous equations model 3SLS estimation results listing the GVC equation (top partition)
and the FDI equation (bottom partition) for each specification (columns 1–6). All models are estimated with year fixed
effects. All specifications, except specification 4, include real GDP as an endogenous variable (in addition to FDI and GVC
PageRank centrality variables). Specification 4 (Exog.) incorporates real GDP as an exogenous variable. Specification 5
(Endog. FE) includes country fixed effects. Specification 6 (W-degree) uses FDI and GVC weighted degree centrality
instead of PageRank centrality (as the dependent variable and regressors in both system equations). Robust standard
errors are included in parentheses. *, ** and *** indicate statistical significance at the 1, 5 and 10% levels, respectively.

1 2 3 4 5 6
Endog. Endog. Endog. Exog. Endog. FE W-degree

[GVC equation] Dependent variable: GVC PageRank centrality, log

FDI PageRank centrality, log 0.174*** 0.144*** 0.181*** 0.169*** 0.392 0.163***
(0.028) (0.031) (0.027) (0.027) (0.436) (0.030)

Real GDP, log 0.417*** 0.406*** 0.414*** 0.474*** 1.613 0.048
(0.021) (0.019) (0.019) (0.014) (3.569) (0.036)

Import tariff rate, log 3.042*** 3.685*** 2.786*** 3.230*** -1.959 1.894
(0.861) (0.909) (0.829) (0.800) (5.947) (1.295)

Natural resource rents, share of GDP -4.104*** -3.664*** -4.187*** -4.055*** 2.247 -3.449***
(0.445) (0.488) (0.434) (0.418) (5.135) (0.671)

REER growth 0.063 -0.012 0.071 0.167 0.085 -0.396
(0.369) (0.374) (0.366) (0.350) (0.289) (0.481)

Political Stability index 0.057* 0.092*** -0.114 0.044
(0.033) (0.030) (0.550) (0.053)

Real labor productivity, log 0.135***
(0.043)

Total factor productivity growth 0.025***
(0.009)

Constant -14.880*** -16.232*** -14.745*** -16.475*** -4.549***
(0.654) (0.776) (0.579) (0.496) (0.813)

Observations 218 218 218 218 218 218
R-squared 0.924 0.920 0.925 0.933 0.967 0.585

[FDI equation] Dependent variable: FDI PageRank centrality, log

GVC PageRank centrality, log -0.890* -0.989* -0.881* -0.891* 3.798 -1.052
(0.492) (0.528) (0.483) (0.480) (3.788) (0.889)

Real GDP, log 0.699 0.842** 0.650* 0.857*** 0.049 0.496
(0.493) (0.353) (0.348) (0.281) (2.998) (0.505)

Average corporate tax rate, log 4.833 1.905 5.875 2.402 -0.838 13.082
(7.737) (4.505) (5.510) (1.776) (3.714) (9.191)

FDI Regulatory Restrictiveness index -5.616*** -5.683*** -5.497*** -5.673*** 1.624 -2.660
(1.333) (1.318) (1.250) (1.259) (3.220) (2.821)

Tax haven 1.638*** 1.581*** 1.697*** 1.603*** -0.802 2.968***
(0.274) (0.256) (0.264) (0.246) (4.110) (0.350)

Political Stability index 0.169 0.235* -0.507 0.346
(0.206) (0.134) (0.748) (0.281)

Real labor productivity, log 0.248
(0.184)

Total factor productivity growth 0.072*
(0.043)

Constant -28.000** -34.359*** -26.826*** -31.838*** -7.605
(13.501) (11.672) (10.171) (9.464) (12.575)

Observations 218 218 218 218 218 218
R-squared 0.307 0.306 0.300 0.338 0.862 0.465

Hansen-Sargan test statistic 2.888 2.878 3.123 22.695 0.046 22.529
Hansen-Sargan test p-value 0.236 0.237 0.210 0.000 0.830 0.000
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Besides FDI connectivity, the economic size of a country, measured by real GDP, also fosters

GVC connectivity, consistent with the idea that larger economies can engage in a greater num-

ber of economic activities (tasks within value chains), as well as do this at a larger scale relative

to smaller economies, which is conducive to cross-border production sharing resulting in higher

multilateral connectivity in the GVC network. At the same time, higher natural resource inten-

sity is associated lower GVC centrality, ceteris paribus. While natural resources are certainly

critical for most value chains, heavy specialization of countries in resource extraction activities,

i.e. in the very upstream segments of value chains, reflects negatively on their economic diver-

sification prospects (see also the literature on the “natural resource curse”, e.g. Van der Ploeg,

2011). Institutional development, as measured by the Political Stability index, is associated

with better GVC connectivity outcomes, although the estimate is statistically significant only

at the 10-percent level in the baseline estimation.14 Contrary to expectations, the estimates

suggest that import tariffs are positively associated with GVC centrality, which may reflect

the fact that countries with higher MFN tariffs are largely developing countries, which may

use tariff protection as a policy tool to shield domestic industries from foreign competition and

thereby boost their competitiveness.15 Finally, productivity improvements are also associated

with higher GVC centrality, which is expected given that productivity is an essential element

of competitiveness.

The estimation results for the FDI equation (the bottom partition of Table 4), suggest that

GVC centrality is negatively associated with the FDI centrality, although the effect is only

marginally statistically significant at the 10-percent level. While this does not seem intuitive at

a first glance, interpreting this result jointly with the estimates for the GVC equation, it may

indicate that, while FDI is important for boosting GVC connectivity, countries that are already

well-integrated in GVC networks do not require further FDI inflows, and, vice-versa, countries

with a yet-unrealized potential for deeper GVC integration encourage greater FDI by MNEs as

a means to establish economic presence in the host economies. As a related matter, investment-

friendly regulatory environment is paramount for attracting FDI, which is also confirmed by

our estimates: FDI Regulatory Restrictiveness index enters negatively and is highly statistically

significant, implying that such statutory restrictions as foreign equity limitations, screening

mechanisms and other restrictions on FDI flows are indeed strongly detrimental to a country’s

FDI connectivity. Finally, tax offshore countries, captured by the Tax haven dummy variable,

are strongly associated with higher FDI flow connectivity, consistent with the literature on

phantom FDI and FDI in-transit and providing further empirical support this time using a

network approach.16

14 Among other institutional development variables examined, the Government Effectiveness index is also found
to be conducive to GVC centrality with the estimate of 0.098***, i.e. statistically significant at the 1-percent
level; the Control of Corruption index, by contrast, is not statistically significant.

15 However, higher import tariffs also imply higher costs of imported intermediates, which may, on the contrary,
impact negatively domestic producers relying heavily on imported inputs.

16 In additional specifications a range of other variables have also been tested, e.g. alternative institutional
development variables, import tariff rate to test possible “tariff-jumping” hypothesis; yet those turned out
to be insignificant. Furthermore, the results remain unchained for a specification with the higher number of
observations if FDI Regulatory Restrictiveness index, for which the data is particularly limiting, is dropped.
Additional results are available from the author on request.
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5 Conclusion

Cross-border production sharing and FDI are critically important for economic development

and growth. In this paper we contribute to the literature by examining FDI and GVC patterns

through the prism of a complex network analysis. This appears to be an especially useful way

to look at the increasingly globalized world economy in which countries are closely intertwined

via trade and financial flows, international migration, information and technology diffusion.

From this perspective, countries can be viewed as nodes-conduits in the continued global flow

of economic value in different forms from one country to another, and in this respect multi-

dimensional connectivity of countries is particularly important when analyzing such phenomena

as the strategic position of countries in global production chains, exposures to economic shocks

and associated cross-border economic contagion risks.

We specifically focus on the GVC and FDI networks, revealing the connectivity of countries

therein and exploring the relationship between them in a simultaneously determined system

of equations. The analysis shows that both networks are highly asymmetric with a clear core-

periphery structure as a relatively small number of systemic economies closely interconnected via

trade and investment ties dominate the global economy, while also bridging other more sparsely

connected countries. There is also evidence of regional clustering in both networks centered

around regional hubs, e.g. China and Germany. Furthermore, we illustrate and empirically

confirm that the FDI and GVC networks are interrelated with higher centrality in the global FDI

network being highly conducive to the centrality in the GVC network. The only exception from

this pattern is the group of countries commonly classified as tax havens, which are characterized

by a very high centrality in the FDI network associated with high levels of simultaneous FDI

inflows and outflows.

In light of these results, from the policy perspective our study brings up several themes

worthy of further elaboration. The analysis once again highlights the strong and persistent

economic asymmetries at the international level, which are closely related to the issues of global

inequality and the distribution of the gains from globalization. A relatively small group of

countries are much better strategically positioned in both FDI and GVC networks to reap

greater benefits from cross-border production activities, while many countries on the periphery

fail to integrate successfully. As also shown in the analysis, FDI is conducive to GVC integration,

which reiterates the importance of policy efforts aiming at fostering FDI and, more generally,

better investment climate. A distinct, but related issue, is associated with the asymmetries in

the FDI network related to phantom FDI. This topic remains high on the policy agenda. Only

recently major advances have been made in the coordination of the global effort to overhaul

international tax laws in order to reduce the incentives by MNEs to seek tax havens and rather

pay a “fair share” in the countries of their de-facto operation—the “Global Tax Deal” agreement

between 130 countries was reached in July 2021 (see OECD, 2021).

On the flip-side, the core-periphery structure and the inter-relatedness of the FDI and the

GVC networks also bring up the question of vulnerabilities that may arise due to the central

role that a small number of hub countries play in both networks. The Great Recession has

highlighted the high global risks stemming from economic disruptions in systemic economies.

More recently, the COVID-19 pandemic and related disruptions of economic activities around
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the world, have also emphasized the vulnerabilities arising from economic connectivity, prompt-

ing further research and additional policy efforts to engineer feasible responses to foster greater

resilience to common exposures and economic shock contagion in the global economic architec-

ture.
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